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Abstract
Habituation is a decrease in responding to a repeated stimulus. Operant responding and salivation measure
habituation in eating behaviour research. Stress may increase eating by acting as a distractor, yielding spontaneous
recovery and prolonging responding for food. Our research tested differences in the ability of cognitive and interpersonal stressors to recover responding for food. We also tested heart rate variability (HRV) as a measure of
habituation. Twenty women worked for portions of macaroni and cheese for 15 trials on three separate laboratory
visits. Between the 12th and 13th trial, one of three different stressor types (speech, stroop and subtraction) was
presented during each visit. HRV was measured continuously throughout the laboratory visits. Responding for food
declined across the 12 trials with no difference in rate of habituation by visit ( p > 0.8) There was no difference
between stressor type in the magnitude of spontaneous recovery after each stressor ( p > 0.8). Rates of habituation
of HRV variables correlated (p < 0.02) with the rate of operant responding habituation. Cognitive and interpersonal
stressors do not differ in their ability to recover reduced responding for food. HRV variables may measure
habituation to food similar to operant responding. Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction
The prevalence of obesity is a concern for public health.
During 2009–2010, over 35% of adults in the US were
obese (Ogden, Carroll, Kit, & Flegal, 2012). Behaviours
that contribute to the prevalence of obesity include the
use of obesogenic stress coping behaviours such as eating (Habhab, Sheldon, & Loeb, 2009; Roemmich,
Lambiase, Lobarinas, & Balantekin, 2011).
The cumulative effect of small stressors over time
can be more damaging to health than a single stressful
major life event (Kanner, Coyne, Schaefer, & Lazarus,
1981). Adults are confronted with different types of
daily hassles, such as cognitive and interpersonal
stressors, at least once per day (Stawski, Almeida,
Lachman, Tun, & Rosnick, 2010). There are positive
associations between the number of daily hassles and
snack food consumption, (Conner, Fitter, & Fletcher,
1999) and between stress and body mass index (BMI)
(Harding et al., 2014).
320

One way that stress may promote greater eating is by
interfering with the usual slowing, or habituation, of
eating. Habituation is a decrement in responding to
repetitions of the same stimulus, and then recovery of
responding after presentation of a distractor or a
dishabituating stimulus (a stimulus that disrupts habituation and recovers responding to the initial stimulus)
(Rankin et al., 2009). Speciﬁcally in eating behaviour
research, habituation is a reduction in operant or physiological responding for food across repeated presentations of a food, followed by an increase in responding
to the initial food after exposure to a distractor or
dishabituating stimulus, such as tasting of another food
or other environmental stimulus. The rate of habituation of physiological responses is associated with
ingestive behaviours, food hedonics, food reinforcement and motivation to eat (Epstein, Temple,
Roemmich, & Bouton, 2009; McSweeney, Hinson, &
Cannon, 1996). McSweeney et al. (1996) were the ﬁrst
Stress and Health 32: 320–327 (2016) © 2014 John Wiley & Sons, Ltd.
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to demonstrate this paradigm in animal studies, laying
the framework for other research to experiment within
the construct.
Recovery in responding after habituation leads to
greater food intake by increasing responding to a previously habituated food (Epstein, Temple et al., 2009;
Temple, Giacomelli, Roemmich, & Epstein, 2007).
Stimuli such as a new ﬂavour or texture of food
(Epstein, Robinson, et al., 2009), television or video
games (Epstein, Mitchell, & Caggiula, 1993; Temple,
Giacomelli, Kent, Roemmich, & Epstein, 2007) can promote recovery in responding. Stressors or ruminating
upon stressful events may also lead to recovery of eating
by shifting allocation of attention (Epstein, Temple et al.,
2009). How spontaneous recovery differs between types
of stressors is unknown. This paper addresses whether interpersonal and cognitive stressors have differential effects
on spontaneous recovery in eating behaviour.
Traditionally, in eating behaviour research, habituation is measured using operant responding or
salivation (Epstein, Paluch, & Coleman, 1996; Epstein
et al., 2003; Temple et al., 2006). Salivation requires
participants to hold dental cotton rolls in their mouths,
resulting in an uncomfortable and perhaps mildly
stressful experience for the research participant. Finding a more comfortable physiological measure of habituation in eating behaviour research is desirable.
Measuring heart rate variability (HRV), or the variation in the interval between consecutive heartbeats
(Camm et al., 1996), is easily completed using a heart
rate monitor. HRV has been used in behavioural economics experiments (Dulleck, Ristl, Markus, & Torgler,
2011), experiments of mental stress and workload
(Hjortskov et al., 2004; Hoshikawa & Yamamoto, 1997;
Jorna, 1992; Keller, Bless, Blomann, & Kleinbohl,
2011), and emotional ﬂexibility (Fujimura & Okanoya,
2012). HRV has also been used as an objective measure
of reported stress (Rieber et al., 2009). Previous experiments on generalized anxiety disorder used HRV to
establish habituation curves amongst control and
experimental groups (Thayer, Friedman, Borkovec,
Johnsen, & Molina, 2000). HRV appears to be stable
over time (Stein & Kleiger, 1999), lending the possibility of using HRV in repeated measures studies.
Together, these studies suggest that HRV may be a
potential alternative to using salivation protocols in
research on eating behaviours. This paper addresses
using HRV in eating behaviour research by testing
the relationships of habituation and spontaneous
recovery of HRV variables with habituation and spontaneous recovery of operant responding. Thus, this paper contributes to the literature by testing two speciﬁc
aims: (1) to determine the magnitude of spontaneous
recovery of operant responding for repeated presentations of food after three different stressful stimuli; and
(2) to determine the utility of HRV as a measure of
habituation by correlating HRV habituation with
operant responding habituation.
Stress and Health 32: 320–327 (2016) © 2014 John Wiley & Sons, Ltd.
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Participants and methods
Participants
Twenty normal to obese (BMI: M = 25, SD = 4.7; 15%
minority) women, ages 18–30 years, were recruited using
posted ﬂyers and were screened for eligibility. Participants were ineligible if they did not like the study food
or had metabolic disorders, eating disorders, food
allergies, digestive disorders, pregnancy, colour blindness, hearing limitations or had any conditions/
psychopathology or use of medication that affected their
stress reactivity or perception of stress. Only women
were studied to limit potential variability due to sex.
The study was approved by the Social and Behavioral
Sciences Institutional Review Board on 11/4/2011,
Federal Wide Assurance ID Number FWA00008824.
All participants signed written consent forms.
Procedures
Participants completed three laboratory visits. All testing
was completed from 11:00 AM to 1:30 PM. Participants
scheduled one appointment per week ( M = 10 days;
median = 7 days between appointments). Participants
abstained from food for 3 h prior to their visit and
avoided vigorous exercise, nicotine and caffeine on the
day of their visit. Participants did not consume macaroni
and cheese the day before or day of their visit.
During the laboratory sessions, participants were ﬁt
with a heart rate monitor and given instructions and
a practice session for the operant responding task. To
establish a baseline, participants rested quietly whilst
reading non-stressful magazines in a seated position
for 5 min. After the rest, participants started the operant responding task to measure the rate of habituation
(full description of the task in the succeeding text),
working for portions of macaroni and cheese (Kraft,
standard preparation). The operant responding task
consisted of twelve 2-min trials, followed by a 4-min
stress task, followed by an additional three 2-min trials
of operant responding to demonstrate the magnitude
of spontaneous recovery, measured as the increase of
operant responding after exposure to the stress task.
The tasks included interpersonal speech, serial subtraction and stroop task (described in the succeeding text).
The order of the tasks was counterbalanced between
participants. Measurements of perceived stress were
taken during each lab session. At the end of the ﬁrst
visit, participants’ height and weight were measured.
At the end of the third visit, participants completed demographic (Hollingshead, 1975) and dietary restraint
(Stunkard & Messick, 1985) surveys.
Rate of habituation and magnitude of
spontaneous recovery
Habituation was measured with both a behavioural
task (operant responding) and physiological response
(HRV variables). Operant responding for food was
321
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measured as the number of responses to the stimulus
(or mouse clicks) the participant completed within
each trial. Participants’ responding was maintained by
the presentation of food reinforcers, and habituation
was measured as the rate of decline in operant
responding across trials.
Participants were instructed to earn points towards
food by clicking the computer mouse, the operant response, until a green square appeared, earning them
one point (the conditional reinforcer) and one bowl
of macaroni and cheese (the primary reinforcer).
Points were available to the participant using a variable
interval 120 s schedule (VI 120). The VI 120 schedule
provided the opportunity for the participant to earn a
point, on average, once every 120 s, with a 35% time
variation (±42 s). For every point, the participant
earned a 125 kcal portion of macaroni and cheese.
Macaroni and cheese is a highly palatable and easy to
prepare main dish used in previous habituation studies
(Epstein, Carr, Cavanaugh, Paluch, & Bouton, 2011).
Portions of food were delivered to the participants as
they earned points. Participants could opt to eat the macaroni and cheese whilst continuing to earn points, consume the macaroni and cheese and continue to earn
points, continue clicking without eating the macaroni
and cheese or read quietly at an activity table. Eating
was not permitted at the activity table. Time continued
to pass for each trial regardless of the participant’s chosen
activity. The operant responding task has been used
successfully in previous habituation research (Epstein,
Robinson, et al., 2009; Epstein et al., 2011; Temple,
Giacomelli, Roemmich, & Epstein, 2008a, 2008b;
Temple, Giacomelli, Roemmich, et al., 2007; Temple
et al., 2009). Habituation of HRV variables was measured
across trials using beat-to-beat basis recording RR intervals (time intervals between successive R waves). The
HRV method is described in the succeeding text.

et al., 1993). Subtraction requires using working memory, which may produce cognitive stress, whereas computing math in front of others may invoke fear of
judgement or an interpersonal stress. To ﬁt our habituation paradigm, we used a modiﬁed version of the
task (Matthews & Stoney, 1988). This task was divided
into 2-min halves. For the ﬁrst half of the task, participants completed a timed subtraction test on paper.
The test included 104-digit math problems. Participants were given 2 min to complete as many as possible. Next, participants subtracted backward (out loud)
from a seven-digit number by 13 s for min. The backwards counting was continuous, and participants were
encouraged to continue if they stopped. Participants
had to start over for every error they made.

Putative stressors

Anthropometrics
Body weight was measured to the nearest 0.01 kg using a
digital scale (Tanita). Height was measured to the nearest
0.01 cm with a SECA stadiometer. BMI was calculated as
kg/m2. BMI was categorized as lean (BMI < 25 kg/m2)
and overweight/obese (BMI ≥ 25 kg/m2).

Speech task
The speech task’s main stressful component was an
interpersonal stressor, designed to make the participant
feel like they were being judged. We modiﬁed the
speech portion of the Trier Social Stress Test to ﬁt
our habituation paradigm (Kirchbaum, Pirke, &
Hellhammer, 1993). Participants had 2 min to prepare,
and 2 min to deliver a speech on the topic ‘what makes
me a good friend.’ Participants were informed that
their speeches would be recorded and judged based
on honesty, conﬁdence and believability. Participants
were given a piece of paper with prompts to encourage
developing their speech but were not allowed to use the
paper during the speech.
Subtraction task
Serial mental subtraction has components of both
interpersonal stress and cognitive stress (Kirchbaum
322

Stroop colours task
The stroop task (Stroop, 1935) is a measure of cognitive ﬂexibility and executive function (Anderson,
2001), with the main stressful component resulting
from cognitive dissonance. A modiﬁed version of the
traditional stroop (Stroop, 1935) task was used. This
task was divided into 2-min halves. For the ﬁrst
2 min, participants viewed a series of words where the
meaning of the word was incongruent with the ink
colour (e.g., the word ‘RED’ written in green ink). A
computer program read the word out loud. Participants had 3 s to select a button with the word that
matched the ink colour (e.g., if the font colour was
green, the participant clicked ‘GREEN’). For the second
2 mins, participants read the word out loud and continued to select the button corresponding to the colour of
ink. Each word appeared for 3 s. Any errors during the
task caused a loud buzzer noise and a red ‘X’ to appear
on the computer screen.

Measures

Perceived stress
Perceived stress was measured after baseline rest, before the stressor, after the stressor and after the last trial
using a 10-point scale anchored with ‘not at all stressed
(1)’ to ‘very stressed (10)’ (Roemmich, Feda, et al.,
2011). Magnitude of change in perceived stress was
computed as perceived stress after to the stressor minus
perceived stress before the stressor.
Measures of dietary restraint, hunger and
disinhibition
The Three Factor Eating Questionnaire (Stunkard &
Messick, 1985) was used to measure dietary restraint,
Stress and Health 32: 320–327 (2016) © 2014 John Wiley & Sons, Ltd.
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hunger and disinhibition and has been validated
(Bond, McDowell, & Wilkinson, 2001; Stunkard &
Messick, 1985).
Heart rate and heart rate variability
Heart rate and HRV were measured using a Polar
RS800CX watch on a beat-to-beat basis recording RR
intervals every 1 ms. Participants wore a transmitter
across their chest and the watch on their wrist. The
watch was covered with an opaque sticker to conceal
the heart rate data from the participant. Artefacts in
the HRV data were corrected using ‘Kubios HRV Analysis’ (Niskanen, Tarvainen, Ranta-aho, & Karjalainen,
2002). Measures of time-domain were computed for
the last 2 min of baseline rest and for all ﬁfteen 2-min
trials. Time-domain variables measuring heart rate
and intervals between successive QRS intervals included mean HR and root mean square of successive
differences (RMSSD)—the square root of the mean
squared differences of successive RR intervals (Allen,
Chambers, & Towers, 2007; Camm et al., 1996).
RMSSD is recommended to measure short-term components of HRV (Camm et al., 1996).
Statistical analysis
One-way repeated measures analysis of variance was
used to check the stress manipulation, testing for differences in perceived stress across visits (stressor type).
Individual rates (or slopes) of habituation across trials
1-12 were calculated using mixed linear regression
models and the magnitude of spontaneous recovery
was calculated as trial 13 response minus trial 12 response. Separate two-way repeated measures analysis
of variance models were used to test differences in rate
of habituation and magnitude of spontaneous recovery
of operant responding and HRV variables, with BMI as
a between factor and visit (type of stressor) as a repeated measures factor. Order of stressor presentation
across visits was included as a covariate in all models.
Correlations of HRV habituation rates and operant
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responding habituation were completed to test for convergent validity. Correlations were also used to test the
association of rate of habituation and magnitude of
spontaneous recovery with BMI, hunger, disinhibition
and dietary restraint.

Results
There was an increase in perceived stress after each
stressor (F(1,16) = 37.9, p < 0.001), with no difference
between stressors in the magnitude of change in perceived stress (p > 0.15), which suggests the stress task
manipulation produced an expected stress response.
As shown in Figure 1, the rate of operant responding
slowed, or habituated, across trials 1–12. There was no
difference in the rate of habituation of operant
responding across visits (p > 0.8). There was an increase in responding (spontaneous recovery) after the
stressor tasks (Figure 1), but no difference (p > 0.8) in
the magnitude of spontaneous recovery across visits.
There was no signiﬁcant main effect of BMI status
(lean vs. overweight/obese) on rate of habituation
(p > 0.9) or the magnitude of spontaneous recovery
(p > 0.3). Likewise, lean and overweight/obese women
did not differ in their magnitude of responding after
exposure to the different types of stressors (p > 0.6).
Nineteen participants had complete heart rate and
HRV data. One participant was not included in the
HRV analysis because the heart rate transponder
shifted during the laboratory appointment and data
were not recorded by the receiver. Time-domain
HRV variables of mean HR and RMSSD by trial are
shown in Figure 2. Mean HR is shown in the top panel
of Figure 2 and approximates a usual habituation
curve, with HR slowing as trial number increases.
There was no difference in the rate of habituation
across days (p > 0.4). There was no signiﬁcant main
effect of BMI status (p > 0.2) on HR habituation. As
shown in Figure 2, there was an increase in (spontaneous
recovery of) HR after the stressors, with no differences in
the magnitude of HR spontaneous recovery across the

Figure 1 Mean number of operant| responses (button presses) by trial (with standard error bars)
Stress and Health 32: 320–327 (2016) © 2014 John Wiley & Sons, Ltd.
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Figure 2 Habituation of heart rate variability measures across trials. Mean heart rate (top panel), and root mean square of successive
differences (bottom panel)

three stressors (p > 0.6). There were no main effects of
BMI status (p > 0.2) on the magnitude of HR spontaneous recovery, nor was there a signiﬁcant interaction
(p > 0.9) of BMI status and magnitude of spontaneous
recovery across stressor types.
The time-domain variable RMSSD, bottom panel of
Figure 2, shows an inverted habituation curve. With an
inverted curve, habituation is marked by increases of
RMSSD over trials, and spontaneous recovery is
marked by a decrease of RMSSD. There were no differences in rate of increase of RMSSD across stressor types
(p > 0.2). There was also no signiﬁcant main effect of
BMI status (p > 0.6). In testing the magnitude of spontaneous recovery after the stressors, there was no
difference in RMSSD change between types of stressors
(p > 0.8) There was not a signiﬁcant effect of BMI
status (p > 0.1) on RMSSD spontaneous recovery.
Because the rates of habituation and magnitude of
spontaneous recovery did not differ across visits, only
the rate for the subtraction visit was used to calculate
correlations between habituation rate, spontaneous
324

recovery rate and individual difference factors. The
habituation rates of mean HR (M = 0.36, SD = 0.72)
and RMSSD (M = 0.49, SD = 1.3) correlated (r = 0.53,
p < 0.02; r = 0.59, p < 0.007, respectively) with the
operant responding habituation rate ( M = 27.8,
SD = 15.6). The magnitude of change between trials
12 and 13 in HRV variables (HR: M = 1.18, SD = 5.9;
RMSSD: M = 0.01, SD = 10.9) did not correlate
(r = 0.02, p > 0.9; r = 0.19, p > 0.4) with the magnitude in operant responding change ( M = 265.0,
SD = 167.6) between trials 12 and 13.
Rate of operant responding habituation was not correlated with BMI (r = 0.05, p > 0.8); hunger
(r = 0.06, p > 0.7); disinhibition (r = 0.13, p > 0.5);
or dietary restraint (r = 0.34, p > 0.1). Similarly, the rates
of HR habituation and rate of RMSSD change were not
correlated with BMI (r = 0.18, p > 0.4; r = 0.005,
p > 0.9, all respectively); hunger (r = 0.04, p > 0.8,
r = 0.002, p > 0.9); disinhibition (r = 0.15, p > 0.5;
r = 0.005, p > 0.9); or dietary restraint (r = 0.19, p > 0.4;
r = 0.30, p > 0.2).
Stress and Health 32: 320–327 (2016) © 2014 John Wiley & Sons, Ltd.
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Magnitudes of increased operant responding (spontaneous recovery) after subtraction were not correlated with
BMI (r = 0.15, p > 0.5); hunger (r = 0.31, p > 0.1); disinhibition (r = 0.34, p > 0.1); or dietary restraint
(r = 0.25, p > 0.2). Similarly, magnitudes of spontaneous
recovery in HR and RMSSD, all respectively, after subtraction were not correlated with BMI (r = 0.20, p > 0.3;
r = 0.26, p > 0.2); hunger (r = 0.22, p > 0.3; r = 0.14,
p > 0.5); disinhibition (r = 0.13, p > 0.5; r = 0.15,
p > 0.5); or dietary restraint (r = 0.31, p > 0.1; r = 0.37,
p > 0.1).

Discussion
This study contributes to the research on stressinduced eating by exploring the effects of different
stressors on spontaneous recovery of responding for a
food. There were no differences by stressor type on
spontaneous recovery. Indeed, non-food stimuli such
as mental arithmetic and computer and video games
can act as distractors to recover responding for food
(Epstein et al., 1993; Epstein, Rodefer, Wisniewski, &
Caggiula, 1992; Epstein, Temple et al., 2009).
The current work demonstrated that all three types
of stressors, whether interpersonal, cognitive or a combination, recovered both behavioural operant responding for food and physiologic HRV variables. All
of the stressors also recovered responding regardless
of subject BMI. Thus, psychological stress is a powerful
distractor and robust instigator of recovery of
responding for food. Regarding rate of habituation,
others have shown that adults with greater BMI habituate more slowly and that this may be one reason why
people with obesity have greater energy intake (Epstein
et al., 1996). We did not ﬁnd that BMI affected the rate
of habituation of food. Previous research on this relationship recruited lean and obese participants, whereas
we included a range of BMIs. In total, only three
women, or 15% of our sample, were obese. This may
account for our inability to replicate previous work.
Along with BMI, measures of dietary restraint, disinhibition and hunger were also not correlated with behavioural or physiologic measures of rate of habituation or
magnitude of spontaneous recovery. Individual differences in dieting status or the ability to self-regulate might
have explained individual differences in the rate of
habituation and magnitude of spontaneous recovery.
(Muraven, Tice, & Baumeister, 1998; Vohs & Heatherton,
2000). However, this was not tested.
This work also contributes to the literature by demonstrating a relationship between operant responding
habituation to food and physiologic HRV measures of
habituation, thus extending the use of HRV methodology as a measure of habituation to food. HRV is advantageous because the data can be collected without
discomfort for research participants and because the
data can be collected continuously. Salivation—a
current physiological measure of habituation in eating
behaviour research—requires inserting dental rolls in
Stress and Health 32: 320–327 (2016) © 2014 John Wiley & Sons, Ltd.
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the mouth, which is uncomfortable and potentially
introduces a break in experimental protocol. When
comparing Figures 1 and 2, the HRV measures of HR
and RMSSD (Figure 2) are similar graphically to the
pattern of habituation in the operant responding task
(Figure 1), although there does appear to be a short
time lag with the HRV variables. This lag could be
due to sensitization prior to habituation (McSweeney
& Murphy, 2009), suggesting HRV variables might be
able to detect more subtle responses in habituation
throughout the laboratory sessions, although this needs
further study. The results suggest that HRV variables
may be optional physiological measures of habituation
in eating behaviour research. One qualiﬁcation is that
we compared HRV data with operant responding data
and not salivation. The next step is to test HRV habituation against salivary habituation in order to determine if
HRV can be used as a substitute for salivary habituation.
We have interpreted the ﬁndings of this study as
spontaneous recovery given that an increase in
responding occurred after a short period without
contact with the food stimulus (Gluck, Mercado, &
Mysers, 2008). Another interpretation that was considered was that of dishabituation, ‘an increase of the
decremented response to the original stimulus after
the presentation of a different stimulus’ (Rankin
et al., 2009), in this case, the stressor stimuli. The
dishabituation interpretation has been applied in previous studies of responding for food (Epstein et al., 1992;
Epstein et al., 1993) and could have been tested if the
food stimulus remained present and subjects were
allowed to eat whilst engaging in the stressors. However, because the stimulus (food) was not continuously
present throughout the laboratory appointments in the
current study, spontaneous recovery best describes the
increase in responding after the stressor stimuli.
This study is not without limitations. The sample
included only females and the results may differ in
males. The sample size is small; a greater number of
participants may have allowed us to conﬁrm previous
research showing slower rates of habituation of eating
in overweight adults (Epstein et al., 1996). However,
weight status had little effect on habituation in the current study. A power analysis indicated an effect size of
0.11 and that 1409 subjects per group would have been
required to demonstrate such an effect at a power of
0.80 and alpha of 0.05. Additionally, the HRV data
during the experimental part of the sessions used 2-min
intervals. This allowed for consistency with past experiments of operant responding. Previous studies of HRV
have used both shorter (10 s, 25–30 s, 2 min) and longer
(2 h, 24 h) intervals (Algra, Tijssen, Roelandt, Pool, &
Lubsen, 1993; Dekker et al., 1997; Liao et al., 1997;
Tibblin, Eriksson, Bjuro, Georgescu, & Svardsudd,
1975; Tsuji et al., 1996) to collect HRV data. It is unclear
how a longer testing duration for HRV may have impacted our ﬁndings. The stressors tested were interpersonal and/or cognitive in nature, and each was, at some
325
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level, a combination. Perhaps other types of stressors
such as emotional stressors (e.g., mood induction) would
have uncovered individual differences in spontaneous recovery efﬁcacy of stressors. Future studies should focus
on testing other stressors to further develop our understanding of stressors, spontaneous recovery, food consumption and BMI.
In conclusion, our results showed that the three
types of stressors used in this study are robust instigators of recovery in responding for food in women with
both low to high BMI. All three types of stressors produced similar increases in responding to a previously
habituated food. Additionally, the habituation rates of
HRV variables were correlated with habituation of operant responding. Future studies could have subjects
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